In the supersymmetric standard model, the radiative B-meson decay B → X s γ could receive a large contribution from a new source of flavor-changing neutral current, which also violates CP invariance. The CP-conjugate processes then may sizably differ in decay width. If a new CP-violating phase is not suppressed, this decay rate asymmetry can be significantly larger than the prediction by the standard model, possibly detectable at B factories. Such a large asymmetry may be implied by the measured branching ratio which is consistent with the standard model. 11.30. Er, 12.60.Jv, 13.25Hw Typeset using REVT E X
One of the main subjects at B factories is the measurement of the unitarity triangle or the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Detailed analyses of the CKM matrix serve examinations of the mechanisms for flavor-changing neutral current (FCNC) and CP violation in the standard model (SM), through which the SM may be further confirmed, or new physics may be revealed [1] . However, certain plausible extensions of the SM do not cause significant effects on the unitarity triangle. Although these non-standard effects may be extracted through various measurements of the sides and angles of the triangle, other studies should also be performed to search for new physics at B factories.
The radiative B-meson decay B → X s γ is a phenomenon which is sensitive to physics at the electroweak scale. Owing to a large mass of the b quark, the inclusive decay B → X s γ is well described by the free b-quark decays b → sγ and b → sγg, to which new physics could give sizable contributions through new interactions. Then, the branching ratio of B → X s γ may deviate from the SM prediction. Furthermore, if CP invariance is violated by a new origin, which often occurs in extensions of the SM, a decay rate asymmetry
may be generated sizably. Experimentally, the branching ratio has been measured to give [2] Br(B → X s γ) = (3.15 ± 0.35 ± 0.32 ± 0.26) × 10
and for b hadrons produced at the Z resonance [3] Br(
These results are compatible with each other and do not show a large deviation from the SM prediction [4] . The decay rate asymmetry has not been measured. Its predicted value in the SM is smaller than 0.01 [5] , while it may be enhanced in extensions of the SM [6] [7] [8] .
In this letter, we discuss the decay rate asymmetry of B → X s γ aiming at searching for supersymmetry. This radiative decay could receive nonnegligible contributions from new sources of FCNC contained in the supersymmetric standard model (SSM) [9] . Under ordinary assumptions for the SSM, which we adopt, the one-loop diagram with up-type squarks and charginos and that with up-type quarks and charged Higgs bosons could sizably affect the decays b → sγ and b → sγg [10] . Since the interactions of the charginos, up-type squarks, and down-type quarks induce also CP violation [11, 12] irrespectively of the standard KM mechanism, a large value of the decay rate asymmetry may be expected. We show that if a CP-violating phase in the squark mass-squared matrix is of order unity, the asymmetry can be much larger in the SSM than in the SM, providing a clear signature of supersymmetry.
This large asymmetry is accommodated to the experimental results for the branching ratio, which may even suggest such a large value. The SSM could also give new contributions to B 0 -B 0 mixing, although their effects can only be observed indirectly through the values of the CKM matrix elements [13] .
We assume that the masses and mixings of the squarks are described by the model based on N = 1 supergravity and grand unification [14] . At the electroweak scale, the squarks of interaction eigenstates are mixed in generation space. The generation mixings among the up-type squarks are approximately lifted by using the same matrices that diagonalize the mass matrix of the up-type quarks. As a result, the generation mixings in the interactions between down-type quarks and up-type squarks of mass eigenstates can be expressed by the CKM matrix V of the quarks.
For the top squarks, the left-handed and right-handed ones are also mixed through the Yukawa couplings. The left-right mixings for the squarks of the first two generations can be neglected, because of the smallness of the corresponding quark masses. The mass-squared matrix for the top squarks is given by
where m 3/2 and m H denote the gravitino mass and the Higgsino mass parameter, respectively, and tan β represents the ratio of the vacuum expectation values of the Higgs bosons.
The dimensionless constant A is related to the breaking of local supersymmetry above the grand unification scale and of order unity; c is related to radiative corrections to the squark masses and has a value of 0.1 − 1. The masses of the left-handed and right-handed uptype squarks for the first two generations are denoted by M uL and M uR , which satisfy
The down-type quarks and the up-type squarks couple to the charginos, whose mass matrix is given by
m 2 being the SU(2) gaugino mass.
The new sources of CP violation reside in the top-squark mass-squared matrix M 
However, the CP-violating phase θ is severely constrained by the experimental bounds on the electric dipole moments (EDMs) of the neutron and the electron [11] . If θ is of order unity, the squarks and sleptons are not allowed to have masses smaller than 1 TeV. Then, the decay B → X s γ receives only small contributions from the chargino-squark loop diagram, leading to negligible CP violation in this process. On the other hand, for a sufficiently small magnitude of θ with m 2 > ∼ 500 GeV, the squarks and sleptons can be of order 100 GeV while another CP-violating phase α being unsuppressed [12] . In this parameter region the SSM may induce sizable CP violation without causing discrepancies for the EDMs.
For the decays b → sγ and b → sγg, the effective Hamiltonian with five quarks, the heavier degrees of freedom being integrated out, is written generally by [15] 
where C W j stands for the standard W -boson contribution. The leading-order (LO) calculations give
where S t and C L , C R are the unitary matrices which diagonalize M 2 t and M − , respectively.
The functions I a and J a are defined in Ref. [10] . The LO contributions C
, and C ω 8 (M W ) are obtained by replacingK a and K a by I a and J a , respectively, in Eq. (9). In our scheme for the SSM, the one-loop diagram mediated by the gluinos or the neutralinos with the down-type squarks cause only small effects on both FCNC and CP violation [10, 11] . 
, where h i ,h i , and a i are numerical constants defined in Ref. [16] .
The decay rate asymmetries of b → sγ and b → sγg are induced by the interferences between the tree level processes and the one-loop level processes with absorptive parts.
Combining these asymmetries, the asymmetry for B → X s γ is given by [7, 17] 
, where we have neglected the small effects arising from CP violation by the standard KM mechanism. The functions v(z) and b(z, δ) are defined in Ref. [7] . The inclusive decay B → X s γ includes the three-body decay b → sγg, which leads to a continuous energy spectrum for the photon. The asymmetry in Eq. (11) is calculated with the photon energy being cut as
The parameter values of the SSM are constrained by the measured branching ratio of B → X s γ as well as direct searches for supersymmetric particles. The full next-to-leading order (NLO) calculations for this decay width have already been performed in the SM.
However, for the SSM, the NLO matching conditions of C ω 7 and C ω 8 at µ = M W have not yet obtained in general form. We thus calculate the decay width of B → X s γ by using the matrix elements and anomalous dimensions at the NLO, and also the matching conditions for C W 7 and C W 8 at the NLO, while those for the chargino and charged Higgs boson contributions at the LO. The branching ratio is obtained by the usual procedure of normalizing the decay width to that of the semileptonic decay B → X c eν, whose branching ratio is taken for 0.105.
We show in Fig. 1 In general, as long as the CP-violating phase α is not suppressed and the charged Higgs boson mass is of order 100 GeV, the magnitude of the asymmetry is larger than 0.01 in the parameter region where the branching ratio is consistent with the experiments. For such a nonheavy mass of H ± , the sum of the contributions of W and H ± alone makes the decay width too large [20] . Therefore, in the SSM parameter region allowed by the branching ratio, 
